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LLRF System Overview and Roadmap

ser)Eri_ Upgrade of FLASHs LLRF System 2010
Previous LLRF rack layout Current LLRF rack layout

RF Signal
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RF Gun Controller ACC1 Controller
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ACCA and RF Gun Ref Generation
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ACC39 Monitor Power Mater
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Energy stability improved by
a factor of 3 to dE/E=0.5E-4.

Christopher Gerth, et. al.

¥ We're done for the XFEL 7. ..
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European

XFEL | Consequences from FLASH operation

Actual FLASHs LLRF limitations Roadmap for the XFEL LLRF

= Rack size is strongly limited (JO-16U, L1-26U) * VME ->uTCA (UAMC, uRTM) concept
compared to (ACC1-42U)

* LLRF system is outside the tunnel * |LRF system is in the tunnel

* Central FPGA concept (limited comp. power) * Distributed FPGA, DSP concept

* Process only 8x3 cavity signals (P,F,R) " Process 2 times more signals

* SimconDSP 14-bit ADC limitation * Lowest spectral density (16-bit ADCs)

* Baseband field detection * Non IQ sampling scheme (no PM->AM)

* No redundancy * Redundant systems in the injector

* Pluggable connectors are not drift = Rack will be fully drift compensated
compensated = Scaleable system

* No channel parall¢ *

P

Unfortunately JO has
the
smallest available area !
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XFEL | Consequences from FLASH operation

2 semi-distributed uTCA stations supply 4 cavity modules

In the Tunnel

_— _— 1
Cryo-module 1 Cryo-module 1 Cryo-module 1 Cryo-module 1
000000000F | -
[ 1 l 1 [ [T} j—
8 Cavities AIl 8 Cavities 8 Cavities 8 Cavities
E - r— E o r—
Bx Power Forward wl Cl= 5 8x Probes 8x Power Forward E H I :’ﬁ 8x Probes
oo ol L old 3
Diagnostic % E oL E Bx Piezo Sensor iy & 8x Piezo Sensor
o™ 3o & Control ol ] & Control
Clock Distribution s B 3 3B
" < 2
MO <ls ' o5 '

K E Master/Slave i
Q= (&)

B LLRF System -

Beam Diagnostics
Klystron Klystron Control —
Control |- Low Latency Links (Fast Feedback)
Klystron Diagnostic >

Driving Argument Short pickup cables for low drifts (10fs/m/K)
and prevent crosstalk from high power cables
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Schematic view of accelerataros and LLRF Stations positioning
18.10.2010

| INJECTOR

European

XFEL | Semi-Distribution = 101 oot 12, covis e

1 - LLRF station for GUN System - Main and Spare systems, type 1 (2 racks)
2 - LLRF station for JO cryomodule - Main and Spare systems, type 2 (3 racks)
3 - LLRF station for 3,9 GHz System cryomodule- Main and Spare systems, type 2 (3 racks)

Total 3 sets of racks, 16 U heights, 2 types

1 RF -Stati o n L 1 | L1 accelerator - 1 RF Station (4 cryomodules), XTL Room 142

Gryomadule #1 \ Cwuls #2 Cryomodule #3 \ Crwdula #4
[o] ||

1 - RF racks for cryomodule #1 & 2 - Main & Spare System, 'z of LLRF Station

2 - RF racks for cryomodule # 3 &4 - Main & Spare System, 'z of LLRF Station
Total 4 sets of racks for LLRF, 26U (28U7) heights, 3 racks in set

O - Racks for other System components

RF - Racks for RF Group

3 RF -stati o ns L2 | L2 accelerator - 3 RF Stations (12 cryomodules), XTL Rooms 3 - 6 ‘

[ RF Station #1 (4 cryomodule) | [ RF Station #2 (4 cryomodule) | [ RF Station # 3 (4 cryomodule) |
#1 | Cl #3 | Cl Cryo#1 |Cryo #2 | Cryo #3 | Cryo #4 | Cryo #1 | Cryo #2 | Cryo #3 | Cryo #4 " = =
R
F
1-RF racks for cryomodules # 1& 2 - 2 of LLRF Station
2 - RF racks for cryomodules # 3& 4 - ' of LLRF Station

Total 6 sets of racks for LLRF, 26U (28U7) heights, 3 racks in set

21 RF_Stations L3 | L3 accelerator - 21 RF Stations, XTL Rooms 8 - 28 |

RF Station # 1 | RF Station # 2 | RF Station # 21 |
- Cryo | Cryo | Cryo | Cryo | Cryo | Cryo | Cryo | Cryo Cryo | Cryo | Cryo | Cryo
Courtesy. #Mo| e | # #o| w2 | # | #4 M| e |

W. Wierba / IFJ .ﬂ 2] .#4

K ] . 1- RF racks for cryomodules # 1 &2 - 2 of LLRF Station r
Advanced Techniques in LLRF control for XFEL — Collaboration Workshop - Krak 2 - RF racks for cryomodules #3 & 4 - % of LLRF Station HELMHOLTZ

Frank Ludwig, Tomasz Jezynski, DESY Total 42 sets of racks for LLRF, 26U (28U?) heights, 3 racks in set ASSOCIATION
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XFEL I LLRF rack occupation

'Injector (GUN, JO, 39) LLRF systems are completely doubled . ..

SYSTEM IN INJECTOR FOR JO - ' 1871072010 ‘
uTCA DESIGN, 16_U RACKS
Two Redundant Systems

Crates in UG05/011
—— Electronic racks for
1 i Main and Spare Systems
L [ ——
2U - Calibration box 2U - Callibration box
20 20
RF Reference Link 2u RF Reference Link 3U ‘ 3U i
3U LO Generation & Interlock ;'alnh Panel 3u I_.O_Gel_'leration & Clystron Driver Signal Clystron Driver Signal
gle 1 Distribution Box Piezo Controller Distribution Box 0 o
=2 [ 2U - +12V, +15V, +48Y | i
o E 6 POWER SUPPLY (redund) Freq. ‘Tuning Motor Freq. Tuning Motor
© U 70 Driver (Cold) Driver (Cold)
€1 QUG Piezo Controller A
150mm card 20 - +12V, +15V, +48V jommicans 4U 4u
POWER SUPPLY (redund) . Coupler Motor Driver Coupler Motor Driver
Front-Rear cooling 10 - Com. Panel Front-Rear cooling (Warm) (Warm)
2U Spare

N _/

One block - can not be splitted
and moved Cou rtesy:

- RF Cables Patch Pane|

{on Top in calibration Box) W- Wierba / I F\J

Redundancy, LLRF performance measurement

FLASH 21/04/09, Beam Stability at
FLASH - Update’, F.Ludwig et. al.
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XFEL I LLRF rack occupation

... L1is also redundant, ...

SET OF RACKS FOR RF STATION SYSTEM FOR L1 IN XTL

18/10/2010
U-TCA DESIGN HALF - DISTRIBUTED (four cryomodules)
Two Redundant Systems

FIRST SET OF RACKS SECOND SET OF RACKS
2U - Calibration box 2U - Calibration box 2U - Calibration box 2U - Calibration box
20 20U 2U 2U
| RF Reference Link | RF Reference Link | RF Reference Link | RF Reference Link
3U LO Generation & 3U LO Generation & 3U LO Generation & | Interlock Patch Panel | 3U LO Generation &
Distribution Box Distribution Box Distribution Box Distribution Box
9U uTCA crate e 9U uTCA crate 9U uTCA crate 9U uTCA crate
o 150mm card U 150mm card 150mm card 4u 150mm card
= 2 Freg. Tuning Motor 2 Freq. Tuning Motor
2 3 Front-Rear cooling Driver (Cold) Front-Rear cooling 3 Front-Rear cooling Ervani{Cold) Front-Rear cooling
7 4U 4U
s, Coupler Motor Driver - -1 Coupler Motor Driver T
Piezo Controller & Piezo Controller Piezo Controller (W, Piezo Controller
2U - +12V, +15V, +48Y 4U 2U -+12V, +15V, +48V 2U - +12V, +15V, +48V 4u 2U - +12V, +15V, +48V
POWER SUPPLY (redund Freq. Tuning Motor POWER SUPPLY (redund POWER SUPPLY Eredundg Freq. Tuning Motor POWER SUPPLY (redund)
S OmALAns; Driver (Cold) - Com. Pane) [ 17 -Com. Fanel | Driver (Cold) Ll ol Gl
2U - Spare —aw | 2U - Spare 2U - Spare au 2U - Spare
3uU Coupler Motor Driver 3uU 3u Coupler Motor Driver 3u
Clysirdy Driver Signal (Warm) Clystron Driver Bignal Clystron Driver Signal (Warm) Clystron Driver Signal
C ourtesy' One block - can not be splitted One block - can not be splitted
W Wlerba / I FJ and moved - RF Cables Patch Panel — and moved

(on Top in calibration Box)
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XFEL I LLRF rack occupation

... but L2, L3 are not redundant.

SET OF RACKS FOR RF STATION SYSTEM FOR L2 & L3 IN XTL 18/10/2010

U-TCA DESIGN HALF - DISTRIBUTED

FIRST SET OF RACKS

/-Must be on top of the rack

- RF Cables Patch Panel
(on Top in calibration Box)

SECOND SET OF RACKS

19"
J_ | —————— |
plEZO PatCh Panal - 2U : Catihra“nn bcx PIEZO PatCh Panal - 2U : Cal'bratlnn box
20 20
Interlock Patch Panel RF Reference Link Interlock Patch Panel RF Reference Link
3U LO Generation & 3U LO Generation &
Distribution Box Distribution Box
9U uTCA crate 9U uTCA crate
o 150mm card 150mm card
=} 2 2
(=] .
3 EI Front-Rear cooling GU Front-Rear cooling
20 20
Piezo Controller Piezo Controller
4U 4y 2U - +12V, +15V, +4BV 4y 4au 2U - +12V, +15V, +48V
Freq. Tuning Motor Freq. Tuning Motor POWER SUPPLY (redund) Freq. Tuning Motor Freq. Tuning Motor POWER SUPPLY (redund
Driver (Cold) Driver (Cold) - Com. el Driver (Cold)} Driver (Cold) 1U - Com. Panel
au 4U 2WisiSpars 4U 40 2V - Spare
Coupler Motor Driver Coupler Motor Driver 3uU Coupler Motor Driver Coupler Motor Driver 3uU
(Warm) (Warm) Clystron Driver Signal (Warm) (Warm) Clystron Driver Signal

One block - can not be splitted
and moved

Courtesy:
W. Wierba / IFJ
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XFEL I LLRF rack occupation

How will a LLRF System look like inside . .. 19“ modules . ..

Inputs from
cavitis

o0 0 000
....O.......
o000 /
o Calibration b - - ; s
S ADCModule (no drifts within the rack)
= | |
ISE, DMCS, MSK
0 LO Generation Box = 0
—— H % ,
2U - Calibration box < LOGModule (Local Oscillators)
20 D/ ISE, MSK
RF Reference Link
3U LO Generation & Il LO Distribution Box i
Distribution Box 2 =i
— 9U uTCA crate : e = RTM
150mm card = b ™ =}
i Pu || BRI e
d) Front-Rear cooling clalalalalBl I IR ‘ P I Hm,_,l /l System
—Flelelele oplclo] : v, sFarive]
Driver Mloleleleleflefd "|c| | [~y : | | System
o éU - meew | B (OoOOl (@l |gge; | I a4 o
U - +12V. +15. 45V = Il =] = H B CE R E <A e
Votor POWER SUPPLY (redund @ / Station
o MF\ %
S a PIEZO Controller | Drigimisie PIEZOModule (Piezo dri
Driver 3U = PIEZOModule (Piezo driver)
Clystron Driver JBignal = C
S {mm
/ :] Power supply (r=dundagieg- Power Supply (redundant)
/ = industry
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XFELJUTCA Progress Status

Sharing resources within DESY and industry (status 10/2010)

MCS,
Klystron SIS8300 8 Rfrecervers, 2 diff in MSK,
39GHzmontoring  SIS$300  ORFrceives@39GHz  FEB,
1.3GHz monitoring SIS8300 9 RF receivers @ 1.3GHz FLC,
FLA,
BPM DAMC2 MDI,
Teid DMz apc oo
; MHF-SL,
Beam Loss Monitor DAMC2 ADCs EXP-DAQ,
(WireScamer  DAMC2 2different signal conditioning gL ac,
Beam Arrival Monitor SIS8300 Optical in TDS, RAEGAE, AMTF
Fs LASER sync SIS8300 Optical in
Spectrometer DAMC2 32 ch ADC N innovative
Machine Protection System DAMC2. Signal conditioning o
Kicker DAMCL -

ELMA

Your Solution Fartner

Courtesy: K.Rehlich / MCS
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XFELJUTCA Progress Status

Summary of LLRF module and uTCA progress status:
/ * ADCM (Advanced Drift Calibration Module):

R —— = REFM (Reference Module):
zu'calizﬁﬁon 28 = LOGM (LO-Generartion Module):
Panel S = UTCA — Rack (LLRF boards): Delivered, test state
S DWC8300 (Down-Converter): Delivered, test state
—] 9U uTCA crate SIS8300 (ADC Digitizer): Delivered, test state
[;';’“’“ F;it::::“ng UTLC (LLRF Controller): Delivered, test state
i o UTLC VM (LLRf Controller): Manufacturing
e URFB (RTM backplane): Manufacturing

i wﬁh * PIEZOM (Piezo driver) Delivered, during tests
2U - Spare \

Driver 3U ! = Power Supply

Clystron Driver jBignal

/ A 4

Rronouts 118 13008z S e
14t

Passive Referenos Disrbuton

I
po—

|
Peay et
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Frank Ludwig, Tomasz Jezynski, DESY == T y e/ | ASSOCIATION



1B | ] RF System Overview and Roadmap

European

XFELILLRF - rack layout

Inputs from
cavitis

e ¢ 00
= o e 0 0 00

¢ O ¢ 00 e 60 0 0 0

e 00 = e 0 0 00

O 00 6 00 =

-] ]

oo 0 000 ADCModule Calibration box
ADCModule Calibration box oo - =

T T T T T 7 O . u

LOGModule LO Generation Box

Fref \o =

0GModule\LO Geleration Box ol n

LO 1.CPY LO Distribution Box
CLK 2. ADC - Pref
3. ADC - Pref.
4. ADC - Prob
5. ADC — Prob ‘
6. Contrl.+VM
7. ADC - Monitoring HHB E
8. Timing ﬂ ﬂ ﬂ I; Interlock
9. ADC — Pfor. AlAalala B ala System
10. ADC — Pfor. D/D|D|D o|p Timing
11. Interlock ele|e| @ |C © System
SESE H 5 e
o|o|0|0O |@lo JSlave

Monitoring
HP

>  cu

PIEZO Controller / Driver

Order of boards for low distortions
concept
Complicated cable management

Station

- LLRF AMC backplane

- LLRF RTM backplane concept

Advanced Techniques in LLRF control for XFEL — Collaboration Workshop - Krakow, April 19, 2011
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XFEL | XTCA LLRF Backplane
/Two central slots

Port
E3H] E E (EZ1] E E El] E E ED
(NN
(i o I s |
= = =] =
=D ===
| — 1 ——— 311
= — —c —c
= O O |da
ra| b s T ey [ ey
= — —c =+
= 0 OO |G
o 0O O |={]
D 0o o |={
= MCH (- () = MCH*
o= O O |&=
@ o O |=
= O O |
(K|
o= CO—a e 00— ——3——Ff=—1—F)
CLED I-—l- TCLEA
[CLEA -— TCIEE
[CIEF iﬁ — [CIEA
. ) B ) j . i o
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XFEL | XTCA Crate — RF backplane

FRONT REAR

Standard AMC ‘ RF Backplane
Backplane Bar
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ser’Eri_ uTCA Progress Status

= uTCA platform for cavity control

(a0

ELMA

Your Salution Partner

Courtesy: ELMA

ﬁ HELMHOLTZ
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XFEL I XTCA Crate — rear view

|
[ny]
LT

O o Q| a ?;Q
nt o o | a0
]
B o clo|o ) -
o Q
D O D D
'DESI iy W[ WY
- © C © ©
@
O E BHRN
o
-l O Q0|0
O Q0|0
o0 ] T3 | ]
AC N AC N
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XFELILLRF - rack layout

Inputs from
cavitis
% %% %% i L ..O.Q.Q'..
%% %" ¢ e 0 000
o0& 000 o000 e e
¢ 00 000 a
L ]
L
ADCModule Calibration box ADcModule Calibration box
= i i
acxn 000 +-18Y ]
TT X 07T T n
L]
LOGModule
m— LoGModule LOGModule E
ooo] [ceo
+H2% in +-18Vin —
(]
o 2 3 4 B 7 9 o 11
1B SHAEE w - B(R/AlB (A <&
3 1l
= Q o] le) «\§ 1 ; I!l » W - ANl
s W\\&L&L% 8 c| |7 |Rjalatalalalala /
o3 N\ © c P J E|:|:10| |oen Timing
H \X Mol | =ielcterceielel || | | | System
3 i = PU|PU| C § e O B O O
9 olololo|o|ol|o H B | W | Slave”
olo|o|o|o|o|ole. pTCANTCA [ B| [eg/o|0 o|o‘o cool | | | |2 Station
000 P Pl -~ =) = == | E5elolofolelolol |y 1! A
Interlock
- cu = i cu / i
ACin AC in —
- . ]
50000000 (00000600 5 PIiZO Contraler = PIEZO Controller / Driver %
0O0O0OOOCO CcooOOOO0O00 48 IDriver . - i,
= |
‘ ) ( ﬁ [—‘j Power supply
e Supply Y i W15y DJD]DD =
»cn  Acm  (redundlant, modular) +l-15V‘ +-12V| | +-15V = (GG, RGHED) =
- |
Power supply for PIEZO
D Power supply for PIEZO coe
AC in (redundant) 48V - (recdundant) —
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XFEL I XTCA LLRF Crate
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XFEL| Timeline

Time line
2010 2011 2012 2013 2014
: ) : 3 vears left : I:,s{_ IN0  Beam INJ :
. 1 N
. Inst. LINAC Beam LINAC
: Operation | : . :
Design frozen ! '
I . | [ |
| 5 1 ‘ I I 1 |
I AR > [ 5n‘ 4 I
/ m
| ?;é — U O il EI.?.I{'% 0 — :
I I S ] Q I S < I
I o 1 Z. Q. I e, 'a\ [
I O (73 | Z I % I
® (o) (o) o
| 8. % | ER 2 e} |
: & S | ! . 3
I \ ' I ® |
I I ( | DA
] | I ] %,
| | I | | ?9
[ I I [ I -+
I | ] I ] e
I | | I [ I
Courtesy: H. Schlarb / DESY
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XFEL | Summary of the XFEL LLRF Roadmap

Installation and infrastructure decisions

= 2 uTCA stations, 1 klystron supply 4 cavity modules for the whole XFEL
» |njector systems are doubled for redundancy and crosschecks

LLRF rack decisions

= uTCA common shared crate standart

Support 12 slot standart double sized uUAMC and uRTM boards

Low latency LLRF AMC backplane, distributed FPGA & DSP support

10 channel, 16-bit ADC 130Msps support (SIS8300)

Customer backplane for 10fs RF-signals and 100fs low jitter clocks

Separate redundant power supplies for analog & digital boards

Ready for channel parallelization for future demands

Separation of algorithmic and hardware firmware for easy software support
= Multi-channel field detection

Non 1Q sampling method for easy servicing

1.3GHz, 3.0GHz and 3.9GHz operation for all customers

16x3 channels for Probe, Forward, Reflected signals

Multi-pluggable coax cables for RF-signals or IFs for easy maintenance
= Reference injection for a long-term stable machine operation

Fixed N-type 1/2” Heliax cables for Probe signals

Fixed N-type 3/8” Heliax cables for Forward, Refleced signals

Advanced Techniques in LLRF control for XFEL — Collaboration Workshop - Krakow, April 19, 2011 ea) (il 5/@6,\: ﬁ HELMHOLTZ
Frank Ludwig, Tomasz Jezynski, DESY 159) w5 ‘iﬁ Zev) ASs0cIATION
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